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The  Seattle  Alweg  Monorail  System  was  conceived  and  built  as  a  part  of 
the  development  of  the  Seattle  Century  21  World's  Fair,   The  fair  grounds  were 
located  approximately  1  to  I's  rriles  from  downtown  Seattle  in  an  area  relatively 
remote  from  parking,  hotel  and  motel  facilities.   The  location  of  the  fair  grounds, 
with  respect  to  the  center  of  hotel,  motel  and  parking  in  downtown  Seattle  suggest- 
ed a  special  transit  system  to  serve  the  fair  by  operating  from  downtown  Seattle  to 
the  fair  grounds  along  Fifth  Avenue.   Of  the  several  alternative  mass  transit 
schemes  promoted  and  presented  to  the  Century  21  Exposition  officials,  Alweg's 
proposition,  involving  no  capital  investment  on  the  part  of  the  Fair,  was  selected 
as  the  most  attractive  and  was  awarded  construction  rights. 

The  Alweg  interests  proposed  and  built  a  two  track  monorail  system  in 
Fifth  Avenue,  connecting  a  downtown  terminal  at  Fifth  Avenue  and  Pine  Street  (West- 
lake  Terminal)  (Figure  1)  to  a  Century  21  terminal  at  the  Fair  grounds;  a  total 
distance  of  1.2  miles  (Figure  2).   Alweg  financed  and  constructed  the  system, 
including  car  equipment,  entirely  on  the  speculative  basis  of  prospective  fare 
collections  and  a  portion  of  all  Century  21  admissions.   The  basic  agreement  be- 
tween Alweg  and  Century  21  provided  that  Alweg  receive  all  monies  collected  from 
sale  of  tickets  to  the  monorail  and,  in  addition,  25c  on  each  paid  admission  to 
the  fair,  irrespective  of  how  the  person  arrived  at  the  gate.   The  agreement  also 
provided  that  Alweg  receive  at  least  $4,200,000,  plus  6%  interest  from  June  1,  1961. 
In  the  event  this  stipulated  amount  was  received  by  Alweg,  title  to  the  monorail 
would  pass  to  the  Century  21  exposition  in  October,  1962,  the  close  of  the  Fair. 
Monies  in  excess  of  the  stipulated  amount,  collected  prior  to  the  October,  1962 
date,  accumulated  to  Alweg's  account.   If,  however,  Alweg  did  not  receive  the  stip- 
ulated amount,  Century  21  could  obtain  title  by  paying  the  difference.   If  Century 
21  did  not  wish  to  gain  title  to  the  monorail  by  either  of  the  above  methods,  Alweg 
would  remove  the  monorail  by  June,  1963.   On  the  basis  of  experience  and  press  re- 
leases to  date,  it  appears  the  financial  results  have  been  an  economic  success  for 
Alweg, 

At  this  writing  the  World's  Fair  liquidating  trustees  have  decided 
against  accepting  title  to  the  monorail.   Representatives  of  the  City  of  Seattle 
and  the  monorail  operators  have  held  discussions  with  a  view  towards  continuing 
the  operation.   Presumably,  if  these  discussions  are  not  successful,  Alweg  will  be 
required  to  remove  the  structure,  as  required  in  the  original  agreement, 

,   Alweg  was  represented  by  Alweg  Rapid  Transit  Systems  of  Washington  State, 
Inc.   The  construction  contract  was  awarded  to  Howard  S.  Wright  Construction  Com- 
pany of  Seattle,  and  the  precast  and  prestressed  concrete  beams  were  built  by 
Concrete  Technology  of  Tacoma,  Washington.   The  cars  were  built  in  Germany,  uti- 
lizing many  American  made  components.   It  has  been  claimed  that  the  cars  were 
considerably  cheaper,  as  a  result  of  having  been  built  in  Germany,  even  though 
American  made  components  had  to  be  shipped  to  Europe  for  assembly. 

Design  work  started  in  November  of  1960  and  construction  was  completed 
in  April  of  1962.   During  all  phases  of  construction,  street  traffic  movement  was 
maintained  along  Fifth  Avenue.   The  data  as  to  actual  costs  of  the  entire  monorail 
facility  was  not  released  although  Alweg  advised  that  structures  and  stations, 
similar  to  the  Seattle  installation,  could  be  built  for  $2,500,000  to  $3,500,000 
per  mile. 


FIGURE  NO.  1 


SEATTLE    WORLD'S    FAIR 
MONORAIL   ROUTE 


FIGURE  NO.  2 
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OPERATION 


As  stated  before,  the  Seattle  Century  21  Monorail  extends  from  the  down- 
town district  in  Seattle  to  ihe  Century  21  exposition:,  a  distance  of  1.2  miles. 
There  are  two  tracks  or  beam  ways  (Figure  3),  each  used  by  a  single  2-car  train. 
The  trains  are  double-ended  and  operate  in  a  shuttle  type  service.   Al;-.hough  the 
equipment  is  designed  for  one-man  operation,  there  were  two  motormen  on  each  train, 
in  order  to  facilitate  the  reversing  of  the  equipment  at  the  terminals.   There  is 
an  intercom  on  each  train  operated  by  an  announcer,  describing  the  train  operation 
and  the  Alweg  Monorail  System,   Both  terminal  stations  have  three  platforms.   The 
island  platform  was  used  for  alighting  passengers  and  the  two  side  platforms  for 
boarding  passengers.   Tickets  were  available  at  booths  outside  the  boarding  area; 
the  adult  fare  being  SOc  one  way  and  75?  round-trip.   Tickets  were  manually  lifted 
at  registering  turnstiles  before  passengers  reach  the  boarding  platforms.   Speed- 
ramps  are  installed  at  the  downtown  station,  Westlake  Mall,  for  both  boarding  and 
alighting  passengers. 

The  passenger  flow  from  street  level  to  train  at  both  terminals  was  ob- 
served to  be  smooth  and  adequate.   Approximately  907<,  of  the  riders  were  reportedly 
first  and  only  time  riders  on  the  monorail  system  and  probably  the  majority  of 
those  passengers  have  seldom,  if  ever,  ridden  any  rapid  transit  type  mass  transit 
system;  the  above  statement  is  remarkable.   More  platform  personnel  were  engaged 
in  directing  and  controlling  the  flow  of  pedestrian  traffic  than  would  be  provided 
by  conventional  transit  standards.   This,  undoubtedly,  resulted  from  the  large  num- 
bers of  first  time  riders  and  the  wish  to  create  and  maintain  general  carnival  and 
world's  fair  atmosphere.   The  platform,  personnel  were  employes  of  the  Century  21 
Exposition  and  the  motormen  were  Seattle  Transit  System  personnel. 

Train  equipped  speedometers  were  observed  to  record  speeds  slightly  in 
excess  of  50  m,p,ho   This  speed  was  rapidly  reached  and  maintained  until  the  speed 
control  system  at  the  terminals  took  cofrn'.and.   During  periods  of  rain  and  drizzle, 
trains  were  slowed  down  to  an  observed  peak  speed  of  25  m.p.h,   Alweg  stated  that 
the  slowdown  was  necessary  to  prevent  skidding  and  loss  of  train  control.   It  was 
also  learned  that  some  drive  shafts  were  broken  due  to  slipping  in  periods  of  wet 
weather.   These  shafts  are  extremely  difficult  to  replace  and  repair;  and  the  slow 
order  may  have  been,  in  part,  due  to  the  desire  to  avoid  this  repair. 

The  most  impressive  quality  of  the  monorail  operation  was  the  low  noise 
level,   A  slight  gear  noise  was  noted  inside  the  body  of  the  car,  but  the  cars  were 
extremely  quiet  from  the  average  passenger's  point  of  view.   The  same  could  be  said 
of  noises  on  the  street,  as  might  be  observed  by  pedestrians  on  the  sidewalk,  or 
residents  in  nearby  buildings.   Little  could  be  heard  at  street  level,  except  wind 
noises  which  might  be  likened  to  the  noise  caused  by  a  trolley  coach  without  the 
usual  current  collector  clicks, 

A  favorite  Seattle  story,  commenting  on  the  noise  of  the  monorail  opera- 
tion, is  that  of  a  small  Hi-Fi  store,  near  the  Westlake  Mall  and  practically  under 
one  of  the  monorail  tracks.   The  local  store  manager  expressed  considerable  concern 
over  the  proposed  monorail  operation  and  anticipated  serious  business  loss  as  a 
result  of  stray  transit  noises.   The  monorail  system  went  into  operation  and  was  in 
service  for  an  entire  week  before  the  store  manager  became  aware  of  the  start  of 
the  monorail  operation. 
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TYPICAL  CONCRETE    "T"   COLUMN  WITH  PIER   TYPE    FOUNDATION 


FIGURE  NO.  3 
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The  riding  qualities  of  the  equipment  were  not  at  all  as  expected.   Ex- 
perience with  rubber  tired  motor  vehicles,  operating  on  concrete  pavements  and 
bridges,  leads  one  to  expect  a  tolerably  smooth  and  comfortable  vertical  ride.   The 
lateral  ride  is  something  new  and  was  expected  to  be  uncomfortable  and  possibly 
unstable.   This,  however,  was  not  the  case«   The  vertical  ride  was  unusually, 
almost  undesirably,  rough  at  some  speeds.   The  lateral  ride  was  excellent,  with 
little  or  no  sidesway.   The  roughness  of  the  vertical  ride  was  probably  due  to  a 
combination  of  circumstances  involving  the  structure  and  the  equipment.   There  was 
a  slight  bump  at  each  beam  joint  due  to  the  finger  plate  expansion  joint  cover. 
In  addition,  the  beam  camber  has  an  apparent  error,  causing  a  low  point  in  the 
vertical  profile  at  each  column.   These  roadway  unevenesses,  combined  with  hard 
car  springing,  probably  cause  the  roughness  of  the  vertical  ride.   Attempts  were 
made  to  correct  this  condition  at  the  finger  plates  of  a  number  of  columns,  which 
were  grouted  to  improve  the  roadway  profile  (Figure  4)  and  the  air  springs  (Figure 
5)  are  being  replaced  by  coil  springs  (Figure  6)  with  rubber  bumpers  to  improve 
the  vertical  ride.   The  excellent  lateral  ride  and  absence  of  any  of  the  nosing  or 
hunting  effect,  which  occurs  at  times  on  conventional  rail  operations,  gave  the 
feeling  of  extreme  stability,  even  though  the  equipment  was  far  from  the  street 
level  and  there  was  no  apparent  means  of  support  visible  thru  the  side  windows 
and  the  beam  roadway,  stretching  to  the  front,  seemed  like  a  slender  concrete  rib- 
bon.  Super-elevation  on  curves  is  accomplished  by  tilting  the  monorail  beam  to  the 
required  angle.   The  resulting  lateral  ride  on  curves  was  smooth  and  transitions 
from  tangent  to  tangent  gave  little  or  no  feel  of  centrifugal  effect. 

The  monorail  service  was  a  featured  attraction  of  the  Fair.   A  large  pro- 
portion of  the  people  were  riding  it  as  one  would  an  amusement  ride  or  as  a  Fair 
exhibit.   Most  comments  overheard  were  extremely  favorable.   The  equipment  was  very 
clean;  in  fact,  for  example,  even  the  car  floors  were  waxed  every  night.   The  ride 
was  short.   The  total  running  time,  even  on  wet  days  with  a  25  m.p.h.  top  speed, 
was  only  3k   minutes,  so  that  the  public,  in  addition  to  being  in  a  festive  humor  on 
a  holiday  excursion,  was  not  on  the  equipment  long  enough  to  be  aware  of  any  seri- 
ous discomfort  due  to  the  ride.   The  novelty  of  Che  monorail,  the  bright  new  clean 
appearance  and  colors  of  the  equipment  and  the  hi-fi  music  on  the  platforms  all 
contributed  to  the  general  impression  of  getting  on  a  modern  rapid  transit  system 
and  being  smoothly  whisked  a  tremendous  distance  in  a  short  time,  not  withstanding 
that  the  total  distance  was  only  1.2  miles  and  the  running  time  was  from  l-j  to  2>k. 
minutes. 

Originally,  it  was  estimated  that  407<,  of  the  people  attending  the  Fair 
would  make  the  trip  by  monorail.  By  late  May,  the  figure  was  something  like  467. 
and  the' average  fare  collected  per  passenger  was  about  67(;. 


FIGURE  NO.  4 


FIGURE  NO.  5 


FIGURE  NO.  6 


The  structure  between  terminals  consists  of  "T"  shaped  columns,  support- 
ing pre-stressed,  precast  concrete  beams  on  which  the  monorail  cars  ride.   The 
columns  are  on  85-foot  centers  in  tangent  sections  and  60-foot  to  70-foot  centers 
on  curved  areas.   The  concrete  columns  are  supported  on  cast-in-place  caissons, 
Uk   feet  in  diameter,  approximately  20  to  25  feet  deep,  with  a  bottom  bell  of  nine 
feet  to  ten  feet  in  diameter.   These  caissons  were  constructed  by  conventional 
drilling  techniques,  except  that  retractable  liners  had  to  be  placed  to  prevent 
earth  loss  due  to  existing  sewer  installations  adjacent  to  excavation.   The  founda- 
tion design  was  predicated  on  soil  analysis  by  Danes  and  Moore,  foundation  engi- 
neers.  The  foundation  is  assumed  to  be  laterally  restrained  at  the  street  level 
by  the  concrete  construction  of  the  street  pavements.   This  assumption  permits  the 
structural  simplicity  of  the  single  belled  caisson  for  vertical  and  lateral  support 
of  the  monorail  structure. 

The  concrete  piers  were  constructed  by  tilt-up  procedures.   Forms  and 
reinforcing  were  placed  on  the  street,  the  "T"  column  poured  and,  after  curing, 
tilted  up  to  a  vertical  position  and  anchored  to  the  caisson.   (Figures  7,  8,  9 
and  10)  The  "T"  shaped  columns  are  4'  x  4'  at  the  base  and  provide  15-foot  vert- 
ical clearance  under  the  "T"  and  support  the  pre-stressed,  precast  concrete  mono- 
rail beams  approximately  20  feet  above  grade. 

The  concrete  for  the  caissons  and  columns  is  designed  for  3,750  p.s.i. 
The  pre-stressed  monorail  beams  are  simply  supported  at  each  column  with  expansion 
provided  at  each  column.   The  expansion  joints  are  bridged  by  stainless  steel 
finger  plates  on  the  riding  surfaces  of  the  beam.   (Figure  4) 

The  monorail  beams  are  designed  to  carry  all  conventional  bridge  loadings; 
vertical,  dead  and  live,  longitudinal,  braking  and  acceleration,  lateral,  wind  and 
centrifugal.   Design  loadings  are  proportional  to  the  equipment  wheel  loads  as  is 
normal  engineering  practice  in  bridge  design. 

The  AASHO  (American  Association  of  State  Highway  Officials)  design  stan- 
dards were  used  as  the  basis  for  the  structural  design.   It  was  claimed  that  a 
detailed  structural  analysis  by  computer  techniques  was  the  basis  of  the  concrete 
proportions  and  reinforcing  steel  placement.   The  structural  designs  were  reviewed 
by  the  Building  Department  of  the  City  of  Seattle.   The  beam  designs  allowed  for 
creep  and  shrink  of  concrete  and  dead  load  deflection  by  cambering  during  fabrica- 
tion. 

The  beams,  as  constructed  and  erected,  are  not  in  perfect  vertical  align- 
ment (vertical  referring  to  profile  as  used  in  track  construction).   Apparently,  a 
slight  error  in  proportioning  the  camber  was  made  because  a  definite  low  point  is 
observable  at  each  point  of  support  of  the  beams.   This  leads  to  the  most  readily 
observable  deficiency  in  the  ride  by  contributing  to  the  roughness  of  the  ride  and 
making  almost  impossible,  the  problem  of  springing  the  cars  for  a  smooth  ride  thru 
all  ranges  of  speed.   These  vertical  depressions,  occurring  at  each  evenly  spaced 
column,  cause  a  vertical  oscillation  of  the  car  that  is  as  infinite  in  frequency 
as  the  car  speed  is  infinite  in  variability,   A  springing  system  that  will  dampen 
these  vertical  oscillations  thru  all  ranges  of  operating  speeds  is  very  difficult 
to  design. 


FIGURE  NO.  7 


FIGURE  NO.  8 
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FIGURE  NO.  9 


FIGURE  NO.  10 


End  rotation  of  the  beams  and  expansion  of  the  beams  is  provided  by  pre- 
formed rubber  pads,  surfaced  with  stainless  steel  at  the  beam  column  supports.   The 
beams  are  anchored  to  the  columns  by  high  strength  steel  bolts,  pretensioned  to  re- 
duce and  minimize  lateral  displacement  of  the  top  of  the  beam  during  live  loading. 
Longitudinal  and  transverse  forces  are  resisted  by  shear  lugs,  anchored  in  the 
column  head.   The  beams  are  three  feet  wide  and  five  feet  high  and  are  made  of  high 
strength  concrete  of  160  pounds  per  cubic  foot  density.   The  average  dead  weight  of 
the  straight  beams  is  55  tons.   The  center  of  the  straight  beam  is  hollow  to  reduce 
the  dead  load  weight.   The  beams  are  on  l3-foot  centers.   The  minimum  radius  of  the 
structure  is  250  feet,  and  beam  spans  are  reduced  60  to  70  feet  in  areas  of  curved 
track.   No  bracing  at  any  joint  is  used  in  the  structure. 

The  structure  is  fully  as  graceful  in  appearance  as  its  promoters  would 
want  one  to  believe.   The  4-foot  square  columns  take  little  more  room  from  the 
street  right-of-way  than  median  divider  strips  in  the  center  of  wider  city  streets. 
The  20-foot  height  of  the  running  beam  also  contributes  to  the  graceful  appearance 
of  the  structure  and  the  feeling  of  unobtrusiveness. (Figure  11)  Alweg  has  achieved 
one  of  the  ideals  and  dreams  of  bridge  design  in  planning  and  building  a  structure 
such  that  the  prime  structural  member  is  also  the  working  and  wearing  surface  of 
the  bridge.   This  makes  the  structure  just  about  as  simple  as  it  possibly  can  be. 
Inherent  in  this,  of  course,  are  going  to  be  operating  and  maintenance  difficulties, 
if  operation  is  continued  beyond  the  World's  Fair.   How  will  spalled  concrete  be 
patched?  What  allowance  is  there  in  the  design  for  wear  of  the  surface  of  the 
concrete,  and  how  is  wear  to  be  replaced? 

If  wear  is  not  readily  replaceable  the  entire  running  beam  of  the  Alweg 
structure  may  have  to  be  replaced  after  a  nominal  running  life.   If  so,  the  main- 
tenance cost  of  the  structure  may  be  great.   On  the  other  hand,  technological  pro- 
gress and  development  of  epoxy  techniques  may  solve  the  wear  problem  before  re- 
placement becomes  a  necessity.   Other  problems  which  can  only  be  guessed  at  proba- 
bly will  arise  due  to  the  effect  of  more  inclement  weather  than  is  observable  in 
Seattle,  i.e.  sleet,  freezing  rain  and  snow,  severe  freezing  and  thawing  cycles. 


FIGURE  NO.  11 
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There  are  two  stations  on  the  Seattle  monorail,  one  at  each  end  serving 
as  terminals.   The  station  platforms  are  arranged  so  that  the  monorail  trains  stop 
in  a  full  length  berth  with  15=foot  wide  concrete  platforms  on  both  sides  of  the 
car.   One  platform  is  used  as  a  boarding  platform;  the  other  is  used  as  an  alight- 
ing platform.   The  operations  consist  of  a  train  coming  to  a  stop,  opening  the 
doors  on  the  exiting  platform  side,  requiring  all  passengers  to  exit,  closing  these 
doors,  opening  the  doors  of  the  boarding  side,  permitting  all  passengers  to  board, 
closing  doors  and  train  departure. 

The  downtown  terminal  is  served  by  two  66-inch  wide  speedramps,  operating 
in  two  flights  each  to  the  platform  level.   The  speedramp  belt  speeds  were  estimated 
to  be  operating  at  approximately  50  to  60  feet  per  minute,  or  about  one-half  to 
two-thirds  the  speed  of  CTA's  63rd  &  Loomis  belt.   Each  belt  is  uni -directional . 
The  street  ground  level  at  the  terminal  site  has  been  made  into  a  pedestrian  mall. 
The  terminal  is  centered  on  an  intersection;  one  side  of  which  serves  as  a  loading 
mall;  the  other  side  of  which  serves  as  an  unloading  mall. 

The  fact  that  the  full  street  width  is  available  for  transit  purposes 
greatly  simplifies  the  problem  of  proportioning  and  installing  the  fare  controls 
and  speedramp  installations  to  the  platform  level.   The  street  level  pedestrian 
mall,  the  arrangement  of  the  three  terminal  platforms,  utilizing  the  island  plat- 
form for  alighting  and  the  side  platform  for  boarding  combine  to  simplify  pedes- 
trian traffic  flow.   A  single  speedramp  from  the  south  side  of  Pine  Street  to  the 
south  end  of  the  platforms  serves  boarding  passengers.   A  single  speedramp  from  the 
north  side  of  the  island  platform  to  the  north  side  of  Pine  Street  serves  alighting 
passengers.   There  is  no  need  for  reverse  flow  of  pedestrian  traffic,  therefore  no 
paralleling  stairs.   A  single  speedramp  at  each  platform  end  handles  the  total 
traffic  from  all  corners  of  the  street  intersection.   There  is  no  provision  for 
pedestrian  traffic  other  than  up  or  down  the  speedramp  slope  in  the  event  of  me- 
chanical failure  of  the  speedramp  belt.   The  platform  decks  are  concrete  and  are 
supported  on  concrete  girders  that  form  a  part  of  the  monorail  supporting  structure. 
Fences  are  located  on  the  platform  adjacent  to  the  train  berth  to  control  access  of 
passengers  to  the  platform  edge. 

Station  canopies  cover  the  entire  platform  area,  including  the  train 
berthing  area,  and  are  supported  on  rectangular  tubings.   The  canopy  framing  at 
the  Westlake  downtown  station  (Figure  12),  utilizing  tubings  and  carrying  loads  in 
compression  or  tension  rather  than  in  bending  due  to  the  truss  arrangement  of  the 
members,  creates  a  light  clean  appearing  structure.   The  long  lengths  of  canopy 
spanning  the  three  platforms  and  two  berths  seem  to  float  in  the  air  because  of 
the  slenderness  and  lightness  of  the  structure.   The  tubings  also  serve  as  raceways 
for  the  electric  lighting  system  and  as  downspout  leaders  for  the  roof  drainage 
system,  thereby  eliminating  unsightly  conduit  and  downspout  installations.   The 
canopy  roof  is  a  series  of  shallow  arches.   The  lighting  is  concealed  flourescent 
fixtures  shining  up  to  the  canopy  and  ball  type  suspended  incandescent  fixtures. 

The  Cea.tury  21  station  at  the  Fair  grounds  is  supported  on  rigid  steel 
frames,  spanning  the  platforms  and  tr^in  berths  (Figure  13).   The  rigid  frame 
design  minimizes  the  depth  of  the  structure  supporting  members,  again  contributing 
to  the  good  appearance  of  the  canopy  design.   Maintenance  facilities  are  located 
beneath  the  platform  level  at  this  station. 
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FIGURE  NO.  12 


The  architectural  features  of  these  stations  are  pleasing  in  appearance 
and  graceful  in  proportiono   Colors  are  festive  and  in  accord  with  the  World"s  Fair 
atmosphere.   The  concept  of  a  downtown  loading  and  unloading  mall  to  serve  the 
downtown  terminal  is  excellent  and  contributes  tremendously  to  the  appearance  and 
ease  of  handling  large  numbers  of  people. 

Some  features  of  the  construction  might  cause  difficulty  from  a  long  term 
life  point  of  view  and  more  severe  weather  conditions.   The  transverse  gutters, 
serving  the  arched  canopies  will  freeze  during  severe  snow,  thaw  and  freeze  cycles, 
causing  water  backup  and  canopy  leaks,  similar  to  those  which  occur  in  center  gut- 
ter canopieso   Further,  the  use  of  main  structural  members  as  downspouts  would  have 
some  limitations  in  severe  weather  areas,  due  to  freezing-thawing  cycles  and  possi- 
ble rupture  of  the  section  during  icing  periods.   In  addition,  there  is  difficulty 
observing  deterioration  on  the  interior  of  the  tubing  and  maintaining  same.   Simi- 
lar interior  deterioration  of  pipe  railings  on  CTA  property  has  been  such  a  serious 
maintenance  problem  that  we  no  longer  construct  pipe  handrai lings. 


EQUIPMENT 

The  Seattle  Monorail  is  an  overriding  type  with  load  carrying  wheels 
running  on  the  top  of  a  concrete  track  beam  and  with  stabilizing  wheels  running  on 
both  sides  of  the  beam.   Each  car  is  composed  of  two  sections,  one  a  driving  motor 
section  with  a  motorman's  cab  and  full  controls,  the  other  a  similar  section,  ex- 
cept for  cab  and  controls.   Each  train  is  composed  of  two  such  cars  coupled  back  to 
back  for  shuttle  operation  or  a  total  of  four  sections  per  train  (Figure  14).   The 
sections  are  coupled  together  with  solid  coupling  bars  and  can  only  be  separated  in 
the  shop.   There  are  two  trains  at  Seattle,  each  of  which  operates  back  and  forth 
on  its  own  beamway,  so  there  is  no  need  for  traSk  switches  or  block  signals.  A 
two-section  car  is  60  feet  long,  10  feet,  3  inches  wide  and  14  feet  high.   The  two- 
car  trains  cost  approximately  $200,000  apiece. 

Each  of  the  four  sections  of  a  train  is  carried  on  two  single  axle  trucks, 
which  have  dual  pneumatic  tireSo   These  trucks  are  of  a  most  unusual  design.   They 
are  basically  composed  of  a  square  frame  en  the  top  side  of  which  is  mounted  a 
vertical  arch  (Figures  15  and  16).   At  the  top  point  of  the  arch,  a  king  pin  trans- 
mits all  stabilizing,  accelerating  and  braking  forces  to  the  car  body  as  well  as 
permits  the  truck  to  swivel  on  curves.   Immediately  under  the  arch  is  a  pair  of 
dual  wheels  mounted  on  one  axle,  which  is  fastened  to  the  frame  through  a  parallel- 
ogram linkage.   Vertical  springing  is  provided  by  a  horizontally  mounted  air  spring 
working  through  a  bell  crank  which  forms  part  of  the  parallelogram  linkage  (Figure 
17),   A  right  angle  drive  gear  box,  mounted  on  one  side  of  the  truck  frame  drives 
the  wheel  through  a  universal  joint  drive  shaft,  which  passes  through  the  hollow 
axle  to  the  brake  drum  on  the  opposite  end  of  the  axle.   The  motor  is  mounted  on 
the  car  body  under  the  skirts  that  house  the  stabilizing  wheels.   Since  the  truck 
has  only  one  axle,  it  must  be  restrained  from  tipping  in  a  longitudinal  direction. 
This  is  accomplished  by  "side  bearings"  at  all  four  corners  of  the  truck  frame. 
Gear  boxes  were  supplied  by  Rockwell  Standard  and  are  of  the  double  reduction  type. 

The  tires  are  a  special  design  by  Firestone,   The  lead  bearing  wheels 
have  duplex  15x19,5  rubber  tires  of  tubeless  nylon,  construction.   These  tires  have 
an  outside  diameter  of  39k   inches  and  an  expected  life  of  approximately  100,000 
miles.   There  are  three  guiding  and  stabilizing  wheels  on  each  side  of  each  truck, 
two  tires  ride  in  tandem  on  the  side  of  the  track  beam  near  its  top  (Figure  18), 
while  one  runs  on  the  side  of  the  beam  near  its  bottom.   These  tires  are  25  inches 
in  diameter  and  are  backed  up  for  safety  in  the  event  of  deflation  by  solid  rubber 
tired  wheels  immediately  below  the  pneumatic  tires.   In  order  to  maintain  lateral 
stability,  these  stabilizing  wheels  are  held  against  the  sides  of  the  beam  by  means 
of  rubber  cushions.   Skirts  along  the  sides  of  the  car  body  extend  downward  to 
cover  these  stabilizing  wheels,  as  well  as  much  of  the  control  equipm.ent. 

Each  of  the  load  carrying  wheels  is  driven  through  the  right  angle  gear 
box  by  a  100  H.P.  General  Electric  Model  1250  motor.   There  are,  therefore,  four 
motors  per  two-section  car  (Figure  19).   Two  of  these  motors  are  permanently  con- 
nected in  series  and  the  two  pairs  are  connected  first  in  series,  then  in  parallel 
during  acceleration.   Speeds  up  to  53  miles  per  hour  were  reached  at  Seattle,   Dy- 
namic braking  at  a  rate  of  3,3   ro,p.h,p.s,  is  provided  down  to  about  10  m.p.h,  when 
fading  starts  and  the  air  brakes  take  over  to  bring  the  train  to  a  stop.   Emergency 
braking  at  5,7  m.p.h,p,s,  is  provided.   The  air  braking  system  was  supplied  by 
Westinghouse  Air  Brake  Company  and  is  their  No,  27RA  type,  with  their  self-lapping 
No.  27A  brake  valve.   The  electric  motor  control  is  General  Electric  Company's 
type  SCM. 
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The  car  bodies  were  constructed  by  Linke  Hofrnann  Busch,  a  well  known  car 
builder  in  Germany  (Figures  20  and  21).   The  entire  structure  of  the  body  is  made 
of  aluminum  with  the  exception  of  a  relatively  small  number  of  items  associated 
with  the  couplings  and  truck  mountings,  which  are  made  of  steel.   The  main  frame 
consists  of  four  longitudinal  U-channels,  a  torsion  box  and  cross  members  support- 
ing the  floor.   All  of  the  components  are  made  of  high  strength  aluminum  alloy, 
fabricated  by  a  riveted  construction.   Through  the  arrangement  of  the  wheels  and 
trucks,  a  very  low  floor  is  obtained  with  a  center  of  gravity  about  two  feet  above 
the  track  beam.   The  workmanship  is  excellent. 

The  seating  arrangement  is  rather  unusual  by  American  standards  because 
of  the  wheel  housings,  but  is  acceptable  and  provides  for  62  seated  passengers  per 
two-section  car,  or  124  per  train,  with  standing  room  for  perhaps  300  more.   The 
seats  seem  rather  boxy  and,  while  comfortable,  have  a  hard  edge  which  strikes  the 
passenger  just  under  the  knee.   Four  sliding  doors  are  provided  on  each  side  of  a 
two-section  car,  all  doors  allowing  40  inches  clear  entrance.   The  doors  are  oper- 
ated by  long  stroke  air  engines  and  are  equipped  with  sensitive  edges  and  car  con- 
trol interlocks,  which  prevent  starting  a  train  until  all  doors  are  closed.   The 
windows  are  tinted  safety  glass,  set  into  the  car  body  with  rubber  glazing  channels. 
Ventilation  is  provided  by  12  ventilating  units  per  car,  which  replace  the  interior 
air  volume  35  tim.es  per  hour.   Ceiling  mounted  fluorescent  lamps  provide  the  car 
body  lighting.   Heaters  operate  from  the  600  volt  D.C.  trolley  line.   Both  the  ex- 
terior and  the  interior  of  the  cars  are  decorated  in  a  most  attractive  manner  and 
present  a  very  modern  and  pleasing  appearance. 

Much  of  the  control  equipment  and  some  of  the  truck  parts  are  easily 
reached  for  maintenance  by  m.eans  of  hinged  doors  in  the  skirts,  which  enclose  the 
stabilizing  wheels  and  other  under  floor  equipment  (Figure  22).   However,  many 
parts  of  the  trucks,  especially  the  wheels  and  tires,  are  most  difficult  to  work  on 
because  they  are  enclosed  by  wheel  housings  and  other  body  parts.   To  change  one 
of  the  main  tires  requires  4  to  5  hours  because  it  is  necessary  to  first  remove 
some  of  the  passenger  seats,  fold  back  the  wheel  house  and  open  up  a  trap  door  in 
the  floor.   After  the  brake  drum  is  removed  from  the  end  of  the  axle,  a  wheel  with 
its  tire  may  be  worked  off  the  end  of  the  axle  and  bodily  lifted  up  through  the 
trap  door  into  the  car  body.   Replacing  a  wheel  after  the  tire  is  changed  is  an 
equally  laborious  job.   It  is  conceivable  that  a  more  convenient  arrangem.ent  could 
be  worked  out  through  some  modification  of  shop  and  car  design. 

Although  the  car  bodies  are  made  primarily  of  aluminum.,  the  cars  weigh 
50,000  pounds  each  for  a  total  train  weight  of  100,000  pounds.   The  bodies  have 
been  designed  for  a  buffing  strength  of  50,000  pounds.   This  seems  rather  light  in 
view  of  CTA  requirement  of  200,000  pounds  buffing  resistance.   The  figure,  however, 
is  not  critical  in  the  Seattle  operation,  inasmuch  as  only  one  train  is  operating 
on  the  beam  way  and  speed  is  rigidly  controlled  through  the  signaling  system,  as 
trains  approach  the  bumping  blocks  in  the  stations. 

An  attempt  was  made  to  obtain  figures  on  the  rolling  resistance  of  a  2- 
car  train.   Although  it  was  stated  that  such  Information  has  been  gathered,  it  was 
not  available  to  this  study  group  during  the  inspection.   It  is  felt  that  this 
figure  is  important  in  evaluating  the  merits  of  a  rubber-tired  monorail  operation 
since  it  will  have  a  direct  bearing  on  the  energy  consumption  of  the  equipment.   It 
is  anticipated  that  the  rolling  resistance  of  the  mtonorail  train,  would  be  quite 
high  as  compared  to  a  conventional  railborne  car,  in  view  of  the  rubber  tires  and 
the  pressures  applied  to  the  sides  of  the  beam  in  order  to  maintain  vertical  sta- 
bility. 
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DISTRIBUTION  SYSTEM 

The  distribution  system  for  the  Seattle  Alweg  Monorail  is  comparatively 
simple.   Power  is  supplied  to  each  end  of  the  1.2  mile  monorail  by  1,000  cm.  feeder 
cables,  connected  to  existing  Seattle  Transit  System  600  volt  D.C.  substations.   In 
addition  to  the  substation  feeder  breakers,  chere  are  breakers  at  each  of  the  mono- 
rail terminals,  so  that  one  track  can  be  isolated  from  the  other. 

The  positive  and  negative  contact  rails,  which  are  steel  T-head  rails 
having  a  copper-covered  contact  surface,  are  mounted  from  a  bracket  secured  to  the 
indented  portion  of  the  track  beam  (Figure  23).   The  brackets,  spaced  approximately 
eight  feet  apart,  carry  the  negative  insulators  on  top  and  the  positive  insulators 
on  the  bottom.   The  insulators  clamp  the  conducting  rails  so  that  the  negative  rail 
is  over-running  and  the  positive  rail  is  under-running,  contact  being  made  on  the 
narrow  leg  of  the  T.   These  rails  have  about  250,000  cm.  capacity.   Every  other 
rail  joint  is  of  the  slip-joint  type,  with  a  flexible  copper  bond  around  the  joint 
for  expansion  and  contraction. 

SIGNAL  SYSTEM 

The  Seattle  Monorail  installation  is  equipped  with  a  General  Railway 
Signal  automatic  speed  control  system  with  no  way-side  signals.   This  sytem  oper- 
ates by  means  of  automatic  devices  on  the  trains  which  continuously  compare  gener- 
ated A.C.  frequencies  of  the  train  (which  are  a  function  of  the  speed)  with  the 
predetermined  frequency  of  electrical  pulses  in  the  zone  control  loop  wires  attached 
to  the  track  beam.   The  system  allows  the  train  to  accelerate  to  the  maximum  speed 
(53  M.P.H.).   Then,  as  the  train  approaches  the  curve  into  the  terminal  (the  first 
deceleration  zone),  an  audible  signal  in  the  train  notifies  the  motorman  to  slow 
down  to  a  pre-determined  speed  (20  M.P.H.).   If  the  motorman  does  not  respond  by 
making  a  brake  application  within  2  seconds,  the  brakes  are  automatically  applied. 
Another  audible  signal  alerts  the  motorman  to  bring  the  train  speed  down  to  6  M.P.H. 
A  third  zone  allows  for  operation  at  3.5  M.P.H.   The  train  is  then  brought  to  a 
complete  stop  at  the  terminal.   At  the  end  of  a  trip  cycle,  the  speed  zones  are  re- 
versed to  accommodate  an  outbound  operation.   This  reversal  is  indicated  to  the 
motorman  by  a  standard  red/green  signal  light. 


CONCLUSIONS 

The  Alweg  Seattle  Monorail  installation  was  a  success.   Public  acceptance 
was  excellent.   Apparently,  the  financial  results  to  Alweg  were  satisfactory.   The 
operation  is  quiet.   The  elevated  structure  is  pleasing,  takes  little  street  space 
and  causes  little  obstruction  to  natural  light  on  the  street.   In  all  respects  to 
the  layman's  eye,  the  Alweg  Seattle  installation  is  modern  rapid  transit.   However, 
to  the  professional  transit  operator,  considering  the  maintenance  and  operating 
problems  of  a  day  to  day,  year  to  year,  network  of  mass  transit,  the  1.2  mile,  2 
train,  part  time  operation  of  the  Alweg  Seattle  system  is  but  a  short  step  above  a 
special  purpose  amusement  park  ride. 

Nevertheless,  many  of  the  external  and  appearance  elements  of  Alweg 
Seattle  are  features  that  the  transit  industry  will  have  to  reckon  with  in  future 
construction  and  planning.   Certainly  Alweg  Seattle  has  demonstrated  that  an  above 
grade  mass  transit  structure  need  not  be  ugly  and  dirty,  that  it  can  be  built  with 
very  little  obstruction  to  traffic,  and  may  not  have  detrimental  effect  on  adjacent 
real  estate  property  values.   Perhaps  Alweg  Seattle  has  shown  the  industry  and  the 
general  public  that  above  grade  mass  transit  structures  are  not  obsolete. 

The  fundamental  operating  weaknesses  of  the  Alweg  Monorail  System  are  not 
a  serious  problem  in  Alweg  Seattle,  since  this  installation  is  not  large  enough  to 
require  track  switches,  multiple  trains,  yards,  emergency  turnbacks  and  the  myriad 
other  requirements  oT  a  multi-train  network  of  mass  transit.   Monorail  switches  for 
yard  movement  and  for  emergency  movements  on  main  lines  are  a  big  question  mark. 
Handling  and  detraining  passengers  in  the  event  of  serious  equipment  breakdown  or 
malfunction  on  the  main  line  could  be  a  problem  of  major  proportions  in  multi-unit 
train  operation.   Structural  maintenance  of  the  concrete  beam  ways  might  be  a  dif- 
ficult problem  on  the  close  and  continuous  headway  requirements  of  mass  transit. 
This  maintenance  could  involve  repair  of  spalled  concrete,  replacement  of  concrete 
wear  due  to  traffic  and  possible  replacement  of  beam  sections.   Maintenance  of  car 
equipment  on  a  mass  transit  basis  will  require  much  more  accessible  and  readily 
replaceable  elements  of  cars  and  trucks  than  was  demonstrated  in  the  Seattle  proto- 
type.  The  replacement  of  contact  rail  and  broken  or  defective  insulation  cannot 
be  accomplished  easily. 

In  conclusion,  we  believe  the  attractive  features  of  Alweg,  i.e.  noise 
control,  general  appearance,  are  not  the  sole  property  of  the  monorail  type  design 
and  can  be  achieved  in  the  more  conventional  two  steel  rail  system  without  the 
obvious  operating  and  maintenance  problems  of  the  concrete  monorail. 
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